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BUSH HONEYSUCKLE INDUCED AQUATIC HYPOXIA  
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 Allochthonus leaf litter from the invasive shrub Bush or Amur honeysuckle 
(Lonicera maackii) has been shown to deplete oxygen levels within water to as low as 1 
mg/L. Originally, plant protein leachates were being considered as the possible culprit for 
binding. However, no proteins were ultimately found. Other potential causes of hypoxia 
under investigation included the formation of humics with chelating elements, or 
increased bacterial activity. Humics have been increasingly difficult to separate from 
solution, but fluorescence spectroscopy is being used to better determine the role of 
humics in Bush honeysuckle teas as well as to determine total organic content. An 
Inductively Coupled Plasma – Optical Emissions Spectrometer was used to chemically 
analyze both teas and leaves to determine elemental content and any possible chelating 
metals. Certain potential chelating metals including Ca, K, and Mg were found to leach 
more readily out of L. maackii leaves than from native tree leaves. 
The most promising explanation for aquatic hypoxia has been bacterial activity. 
Standard plate count procedures were used to determine that teas made with Amur 
honeysuckle have roughly 103 times more bacteria than teas made with native riparian 
tree leaves. Gram stains were used to characterize the types of bacteria found. Pure 
cultures of different species of bacteria from the honeysuckle tea were created and then 
introduced to thyoglycolate tubes in order to determine the extent to which the microbes 
were aerobic or anaerobic. All those tested to date are aerobic. 
 Sterilization prior to or shortly after 
tea preparation was used to determine if 
hypoxia in teas still existed over time. UV 
irradiation to leaves failed to sterilize teas, 
but leaf teas created with hot water and 
filtered through 0.2 µm filters completely 
sterilize the teas. Dissolved oxygen 
readings were taken on multiple samples of 
the sterile filtered tea with results at or 
slightly above normal DO levels in 
comparison with unfiltered teas (Figure 1).  
Figure 1. Dissolved oxygen levels of reverse 
osmosis (RO) water, sterilized and unsterilized 
Amur honeysuckle teas. 
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 Finally, microbial activity was monitored in leaf teas over multiple weeks using 
closed system respirometry chambers with gas analysis instrumentation. Our results 
indicate that after only 4 days of exposure to water, the oxygen consumption rates and 
carbon dioxide production by bacteria decomposing Bush honeysuckle leaves statistically 
exceed the microbial activity in decomposition of native tree leaves or that found in a 
water control (Fig. 2).  
A 
 
Figure 2. Microbial activity levels measured in oxygen consumption rates (A) and carbon dioxide 
production rates (B) within the water control (solid line), native riparian teas (dashed line) and 
Bush hone
B
ysuckle teas (dotted line).
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ost recent studies have determined the ratio leaf composition in native 
parian leaf litter including the contribution of Amur honeysuckle to this mix (Fig. 3)  
dings were 
used 
Our m
ri
These fin
to establish 
mesocosms of single and 
mixed leaf composition, 
with and without Bush 
honeysuckle, at 
concentrations (g dry 
leaf matter/l water) 
found in natural wetland 
ecosystems.  These 
mesocosms allow us to 
monitor dissolved 
oxygen levels in a 
“natural” setting to 
determine the degree 
and duration of hypoxia 
occurring naturally. Figure 3. Leaf composition of litter fall in a riparian wetland forest.
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   Bioreactors for removal of manganese (Mn) from water supplies are an emerging 
technology that are gaining wider acceptance from water treatment utilities partially due 
to the potential for lower operating costs compared to conventional physical/chemical 
treatment methods. Bioreactors exploit the mechanism of microbial oxidation of soluble 
Mn(II) to insoluble Mn(III,IV) oxides in thin biofilms that form and grow on  granular 
biofilter media in packed beds.  The brown Mn(III,IV) oxides accumulate on the biofilm 
surfaces and the biofilters are periodically backwashed for oxide removal as part of the 
treatment process. Communities of bacteria species are considered to be the dominant 
microbes responsible for Mn(II)-oxidation in the biofilms. Fundamental information 
regarding optimal bioreactor operating conditions for treatment of Mn(II) is lacking, and 
in addition, bioreactor performance is hindered by various problems including sudden, 
unpredictable releases of Mn from the biofilms.    
 
  To increase our understanding of biofilters for Mn(II) removal from water supplies, a 
laboratory-scale, continuous flow bioreactor was studied utilizing a single bacteria 
species, a Pseudomonas Putida isolate. This isolate, a Mn(II)-oxidizing, gram-negative, 
biofilm-forming, ubiquitous soil and freshwater bacterium, oxidizes Mn(II) to Mn(III,IV) 
oxides and accumulates the solids on its exterior surface. The bioreactor, constructed 
from a 20.13 cm L x 2.28 cm ID plastic tube packed with 4 mm glass beads, was 
operated for 200+ days. A continuous recycle flow was incorporated in the bioreactor 
design and the bioreactor hydraulic retention time (HRT) was 48 hrs., except for periods 
of increased influent flow rates for flushing releases of Mn from the biofilm into the 
surrounding liquid medium. The influent Mn(II) solution feed concentration was 0.500 ± 
0.03 mg/L (500 ± 30 ppb) and the bioreactor solution pH and temperature were 
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maintained at 6.50 ± 0.20 and 30.0° ± 1.0°C respectively for most of the operation 
period. The influent solution feed media consisted of α-glucose, nutrients (phosphate and 
nitrogen) and trace metals for most of the bioreactor operation period.  
 
  Following bioreactor start-up, influent Mn(II) levels of 0.500 mg/L (500 ppb) were 
treated to effluent levels of approx. 0.01 mg/L (10 ppb). The bioreactor experienced 
several failures to remove Mn(II) below the Mn SMCL of 0.05 mg/L (50 ppb). One of the 
failures was characterized by a gradual increase in the effluent Mn(II) level over several 
days and is best explained as a lack of the proper nutrients in the α-glucose feed media  to 
support P. Putida’s ability to sustain Mn(II)-oxidation in the biofilms. Several sudden 
failures characterized by large releases of Mn from the biofilm are explained as being due 
to rapid drops in the solution pH in the bioreactor.  Most of the releases of Mn were in the 
Mn(II) oxidation state, indicative of reduction processes occurring on the biofilm. In 
addition, it is noteworthy that separate, preliminary bioreactor studies of shorter operation 
time duration revealed that high influent feed solution loads of certain inorganic and 
organic chemicals (acids) induced sudden releases of Mn from the biofilms, loading 
conditions which were abated in the 200+ day bioreactor.  
 
  
 
  
 
 
 
 
 
 
 
 
.  
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STUDIES AND THE APPROPRIATENESS OF THE METHODOLOGIES APPLIED 
TO THE DIX DAM 
 
Allen D. Cantrell 
Graduate Assistant 
Dept. of Civil Engineering 
University of Kentucky 
Lexington, KY 40506-0281 
Phone (859)257-4093 
E-mail: a.cantrell@uky.edu 
Scott A. Yost 
Associate Professor 
Dept. of Civil Engineering 
University of Kentucky 
Lexington, KY 40506-0281 
Phone (859)257-4816 
E-mail: yostsa@engr.uky.edu 
A large amount of hydraulic analysis conducted for flooding simulations is currently 
developed using a one-dimensional analysis program.  Past developments in two-
dimension hydraulic analysis programs have sparked an interest in developing new 
flooding simulation models.  This study compares the accuracy and efficiency of the 
widely used one-dimensional model developed by the US Army Corps of Engineers® 
Hydrologic Engineering Center, HEC-RAS, and a cutting edge two-dimensional model, 
BreZo4.0.  Both models are free to download which makes them easily obtainable by the 
engineering community.  The study compares the modeling of linear one-dimensional 
rectangular ideal channels, as well as two-dimensional ideal rectangular channels with a 
confluence.  Using identical ideal rectangular channels, differences resulting from the 
one-dimensional and two-dimensional calculations are easier to recognize. 
Both models can handle unsteady flow analysis with a mixture of super and subcritical 
flows.  The HEC-RAS model performs calculations of the one-dimensional energy 
equation between cross sections perpendicular to the main flow path. The BreZo4.0 
model solves the shallow-water equations using a Godunov-type finite volume algorithm 
across a triangular mesh-grid allowing the model to solve in the main direction of flow as 
well as in the lateral projections.  The HEC-RAS model solves for energy losses using the 
Manning’s equation, whereas the BreZo4.0 model can incorporate the use of Manning, 
Chezy, and Darcy-Weisbach equations as well as simulate frictionless channels (which 
can be academically beneficial).  
Having the benefit of being developed over decades, HEC-RAS includes a built in 
graphical user interface to view the flow profiles in two- and three- dimensions as well as 
a table including many pertinent pieces of information in regards to hydraulic properties.  
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BreZo4.0 exports information to a format that can be viewed using standard plotting 
software.   Both sets of information have the ability to create animations so the data is 
easier to visualize. 
The following figures are three dimensional examples of identical two-dimensional ideal 
rectangular horizontal channels taken at identical time steps in the simulation.  Figure 1 is 
taken from the one-dimensional HEC-RAS simulation and Figure 2 is taken from the 
two-dimensional BreZo4.0 simulation.  Each reach in the system are 1kilometer in length 
with the downstream reach (right side of figure) twice as wide as the two upstream 
reaches.  The flood hydrograph was routed into the system through the upper left hand 
reach.  The key difference in the figures is the intersection of the reaches as well as the 
wave front propagation thorough the system.  The differences seen in the figures are the 
direct result of the difference in the one- and two-dimensional calculations. 
  
 Figure 1: HEC-RAS Simulation  Figure 2: BreZo4.0 Simulation 
Each model can use Digital Elevation Model (DEM) information from a Geographic 
Information System (GIS), but both need an intermediate step in the process, HEC-RAS 
uses information created through the use of HEC-GeoRAS and BreZo4.0 has a utility 
toolset. The HEC-RAS model uses information developed through the use of HEC-
GeoRAS which automatically creates cross sections of a specified width along a user 
defined centerline for a channel.  The utility toolset with BreZo4.0 converts USGS DEMs 
to information that can be turned into the mesh-grid necessary for the geometrical 
information and the shallow-water calculations. 
The presentation will include visualizations of the wave front movement downstream and 
profiles along the channel calculated in both models for several different channel 
configurations. 
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This research focuses on measuring and modeling sediment transport, including surface 
soil erosion, streambank erosion, streambed erosion and deposition, and sediment yield, in 
first order watersheds with surface coal mining in the Southern Appalachian forested 
region, USA. While recent research has established field-based methods and models for 
estimating soil erosion on surface coal mining sites, research methods are lacking that 
estimate sediment transport in watersheds with small operation contour mining that 
disturbs approximately 10% of the watershed surface area.  To assess the amount of 
sediment originating from different land-use sediment sources δ13C, δ15N, TOC, TN, and 
C/N measurements were obtained from forest soils, reclaimed coal mine soils, 
streambanks, and transported sediments at the watershed outlet in four first-order 
watersheds with differing disturbances. It was found that the δ13C and δ15N tracers 
successfully discriminated between the sediment sources because of the δ13C and δ15N 
tracers’ ability to reflect the biogeochemical changes that occur in the soil matrix.  The 
δ13C and δ15N tracers also successfully reflected the differing magnitudes of disturbance in 
the watersheds. Additionally, it was determined that the δ13C and δ15N tracers not only 
reflect land-use disturbances, but they also indicate natural disturbances that occur in a 
watershed, such as, ice storms, rainstorms, and high velocity winds that cause tree throw. 
The simple un-mixing model in sediment fingerprinting was advanced for the use of the 
δ13C and δ15N tracers to account for the percentages of carbon and nitrogen eroding from 
sediment sources. A sediment transport model was developed to model erosion from the 
reclaimed coalmine land-use, erosion from the forest land-use, streambank erosion, and 
streambed erosion and deposition in two watersheds that have reclaimed surfaces.  The 
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sediment transport model was run for multiple scenarios to determine the impact that 
reclamation practices have on first order watersheds.  The results from the dual tracer un-
mixing model were used to calibrate the sediment transport model to accurately reflect the 
erosion processes occurring in the watersheds. 
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